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OUTLINE

@ Introduction
m Motivations to study nuclear fission

@ The fission spectrometer VERDI

© Restart of operations of VERDI spectrometer (SV_1 2 and SV_5 2)
m Energy resolution optimization

m TOF resolution optimization
= Assembly of new position sensitive MCP detector (SV_1 3,SV 1 4and SV_5 9)

@ Investigation of the plasma delay time effect in PIPS detectors for the development of
VERDI fission spectrometer (TAA_3 4)

© Analysis and Results

® Upcoming work
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INTRODUCTION

MOTIVATIONS TO STUDY NUCLEAR FISSION
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Fundamental The measurement of the fission yield mass distributions allows the
understanding of fission dynamics.

Applications Generation IV nuclear energy devices based on fast-neutron spectrum are a
call for more accurate nuclear data on the fission process (fission yields are
less known in fast fission region). Uppsala University
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How to measure fission yield mass
distributions?



VERDI

VEvLociTYy FOR DIRECT PARTICLE IDENTIFICATION
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Scheme of VERDI spectrometer (left) developed at JRC (Belgium). Picture of VERRLsetup, (right),
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Experimental work at JRC



EXPERIMENTAL WORK AT JRC

The design goal of VERDI is to produce fission yield mass distributions with a mass resolution from
1-2 mass units, for which a combined TOF resolution of at least 100 ps and an energy resolution of
at least 1 MeV is required. Therefore, the re-operation of VERDI came with a series of upgrades in
the system to reach those values:

® New flange with 32 connections to optimize geometrical
efficiency and new PIPS preamplification chains.

® New fully digital acquisition system with 2.5 GHz
sampling frequency and 12 bits of resolution.

4 Upgraded

® New MCP system with position-sensitive capabilities nuclear outfit

® New developed plasma-delay-time parametrization for
data analysis correction.

® New PhD student visiting JRC for 1 year.
/ Uppsala University
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ENERGY RESOLUTION OPTIMIZATION

The PIPS detectors used in
VERDI have a fabric resolution
of o ~ 8 keV. The aim was to
reproduce it by trying different

types of:

Connection to the flange.
Preamplification chains.
Acquisition cards.

The DSP was optimized
using CRRC* filters,
based on results of studies
done at UU.

I: 3, FWHM: 117 keV'

—— Pu-239 (0.254514)
—— Am-241(0.238195)

— Cm-244 (0.093888) | ©

o~ 49 keV — cr2s2 0011633
— 1250 (0.005593)
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ENERGY RESOLUTION OPTIMIZATION
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TIMING RESOLUTION OPTIMIZATION

MCP SYSTEM
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TIMING RESOLUTION OPTIMIZATION

TESTING TIMING RESOLUTION WITH OLD MCP SYSTEM

The main objective of the visit SV_1_2 was to re-operate both arms of VERDI.

We aim to reach a TOF
resolution of less than 200 ps

. . Q ; o ~ 740 ps
Dedicated routines 24 Am /

. o ~ 200 ps
for bad signals fﬂ
%I}J_w 239;&(
Semrr, SRR First arm ———r .
) ) SwmeTR T Second arm
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TIMING RESOLUTION OPTIMIZATION

ASSEMBLY OF NEW POSITION SENSITIVE MCP DETECTOR

The position-sensitive MCP signals (first arm) as well as the time reference MCP signals
(second arm) had a very poor quality. A new position-sensitive MCP was purchased by UU
for the second arm, which provided a TOF resolution of ~ 190 ps.

- /'

b,

0Old MCP second arm |
k L e J ) BT e EPN L Nk
L

A Al
New position sensitive MCP

S TNl AT ittt A0 i, A VA
AT L, Jet N
Pt [ o Sl el i o ] g Wl el
g . I J d

by,

LRI I A

Old position sensitive MCP

777

@), | CARLTRYGGERS| SRS
%) STIFTELSE =7
FOR VETENSKAPLIG FORS} (hegpld

—

A. Gémez, et. al. 12/40



TIMING RESOLUTION OPTIMIZATION

CURRENT STATUS AND UPCOMING WORK

E— —
ToF X1 and X2 vs ToF Y1 and Y2
1= 25 r ToF_ToF_XY 5
® Some challenges in the coincident events E 205 Ees ez
. . - eany 7508 | 4.
statistic delayed the characterization of the 5 L SidDovx 4420 °
new MCP. 8 151 O
® A new software to trigger the cards with the 100 35
PIPS signals was tested showing successful S s
results in the coincident events statistics.
. o 25
Upcoming work. :
. —5— 2
® A technical paper to report the results of the F
upgraded VERDI setup is foreseen. -0 15
® An experiment with Cm is planned for -151 1
spring 2024, once all the technical _soF 05
remaining work is finished. N
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Plasma-induced effects in silicon
detectors



PLASMA EFFECTS IN SILICON DETECTORS

Depletion region
H ——1Ideal signal
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Representation of the Plasma Delay Time (PDT) and Pulse High Defect (PHD) on a silicon
PIPS detector.
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EXPERIMENTAL CAMPAIGN AT ILL

SETUP
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ANALYSIS

CoOMBINED TOF RESOLUTION

Timing Filter Amplifier + Constant Fraction Discriminator filters were applied to the signals.
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For the energy resolution CRRC* filters were used (1 MeV to 2 MeV for 5 el Whtvemt
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ANALYSIS AND RESULTS

TOF AND ENERGY-CHANNEL CALIBRATIONS
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ANALYSIS AND RESULTS

PLASMA DELAY TIME EXTRACTION
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(Cuts in energy were used to select each mass in the setting and projection to the ToF axis)

The difference between the measured and calculated ToF is attributed to the PDT.

PDT = ToFmeasured — T0Frye
Uppsala University
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ANALYSIS

PULSE HiGH DEFECT EXTRACTION
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Figure: Spectrum calibrated with alphas (magenta) and spectrum adjusted to LOHENGRIN
energies (green). To extract the PHD value we substract the LOHENGRIN energies with losses

(simulated with Geant 4) from the measured energies.
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RESULTS

PDT TRENDS

PDT calculated relative to alphas of 4.75 MeV
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RESULTS

PHD TRENDS

PHD calculated relative to alphas of 4.75 MeV and 12 MeV
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RESULTS

INTERDETECTOR COMPARISON

— Interdetector comparison of PDT and PHD for A = 85. PDT results are in good agreement for detectors

connected to the same preamplification chain.
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RESULTS

MODELING
PDT(AE) = C - ANogM: ) Fit pal.rametc?rs result fr.om the .
two-dimensional fit using equation (1) to the
PDT data of each detector.
‘W’* #13s
*‘ﬂ #+ Detector C Ny Ny
WM 2 Bottom I | 0.315(26) | -0.064(14) | 0.586(08)
W L, S Bottom IT | 0.327(35) | -0.029(20) | 0.543(10)
NPM = Central I | 0.315(31) | -0.043(18) | 0.562(08)
#4 F2.0 & Top 1T 0.284(40) | -0.015(25) | 0.548(13)
“ﬂ s Top I 0.342(35) | -0.077(19) | 0.583(09)
+ 1.0
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Upcomming work



UPCOMING WORK

© A paper is foreseen from the data analysis of old VERDI data of 252Cf(sf)) in which
the newly developed parametrization will be verified.

® The parametrization will be also used in the Cm experiment data analysis.
© These results will be part of my PhD thesis dissertation in 2025.

These projects have received funding from the Euratom research and training program 2014-
2018 under grant agreement No. 847594

Uppsala University
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RESULTS

INTERDETECTOR COMPARISON

— Interdetector comparison of PDT and PHD for A = 143. PDT results are in good agreement even for detector
Top I, but the energy range less wide.
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RESULTS

MODELING
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EXPERIMENTAL CAMPAIGN AT ILL
LOHENGRIN

Reactor core

Thermal neutron
flux ~ 5x10'* n/s/cm?

Water pool

239Pu(ngy, f)

Reactor wall
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ANALYSIS

CoOMBINED TOF RESOLUTION

Time Resolution vs Energy for mass A = 136
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Figure: Inter-detector time resolution comparison for mass 136. 1,010 University
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ANALYSIS

ENERGY RESOLUTION

Energy Resolution vs Energy for mass A = 136
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ANALYSIS

ENERGY LOSSES IN THE MCP FoOIL

— Energy losses were estimated performing simulations with GEANT4.

Uppsala University
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ANALYSIS

ENERGY LOSSES IN THE MCP FoOIL

— Energy losses were estimated performing simulations with GEANTA4.

— The G4 classes used in the simulations showed better agreement with
experimental data.
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RESULTS

UNCERTAINTY ESTIMATION PDT

A PDT — AGaussian fit + ATrue ToF + ACalibration

PDT uncertainty vs Energy for mass A = 85 PDT uncertainty vs Energy for mass A = 143
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RESULTS

UNCERTAINTY ESTIMATION PDT

Discriminated uncertainty for Mass 85 [u], Energy 100.17 MeV
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RESULTS

UNCERTAINTY ESTIMATION PHD

APHD — AGaussian fit + ACalibration + AEnergy loss

Discriminated variance contribution to PHD for Mass 85 u Energy 100.17 MeV Discriminated variance contribution to PHD for Mass 136 u Energy 77.73 MeV
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DIGITAL SIGNAL PROCESSING

CRRC* filters were used to improve the energy spectrum resolution.
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ANALYSIS

DiciTAL SIGNAL PROCESSING
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ANALYSIS

PARTICLE IDENTIFICATION

— The particle identification was performed using a reference spectra with a
change in the charge state in the LOHENGRIN setting.
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